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THE ANATOMY OF A LARGE DEVONI AN BLACK SHALE GAS FI ELD

Jane Negus-deWys
West Virginia University, Mrgantown, West Virginia, U S A

ABSTRACT

The gas occurrence and production from approximately 5000 wells
is conpared with lithofacies changes and other stratigraphic features,
structural developnent, and fracture occurrence in the |argest Upper
Devoni an black shale gas field in the Appalachian Basin, North America
Li t hol ogy studi es suggest conpl ex.depositional history of craton-derived
organi c, muds-intertonguing with distal, deltaic, fine gray silts and
green nud-shale. Two bentonite zones indicate volcanic activity prior
to nore ‘intense basinal subsidence. Fracture frequency is contoured
over the field area. Structural developrment is related to continenta
plate rifting and collision. Three najor structural trends persist
fromthe Pre-Cambrian; north-south, northeast-southwest, and east-west.
Production studies of open flow data from 5000 wells in this 3000 square

mle area include conmputer-drawn contours, trend-surface analysis
pattern interpretation, and polar plot trends of high production.
A series of.radiating high fracture of fault zones is suggested. Gas
recovery appears to be governed by fractures intercepting siltier zones
in thick sequences of highly organic black shale in the area of greatest
complexity of intertonguing. The relative inportance of the different
paranmeters is discussed and assessed, using statistical correlations. .
The net hods of analysis and nodel of field conditions nay be applicable to
ot her shal e basins.

I nt roduction

The "Big Sandy" gas field is located in eastern Kentucky on the
western flank of the central Appal achian Muntains, at the junction
of -two orogenic trend directions. Figure 1 shows the study area im .
rel ati onship to.the Precanbrian orogenic provinces in North Anerica. The
area studied covers about 3000 square niles.

The gas in the eastern Kentucky field-is produced primarily from
fractures in the Upper Devonian black shale of the Chio Shal e sequence
The field is situated at the distal terminus of deltaic sedinmexitation
originating to the eastand northeast. These fine clastics intertongue
conpl exly with black organic nuds primarily derived from the west and
north. Figure 2 shows the field |location in eastern Kentucky relative
to the epicontinental shelf and the aeromagnetic anonaly of King and

Zietz. The areas of oil and gas accunulation lie directly to the
northwest of this anomaly, which also shows up in gravity data.

The basenent in the field area is donmnated by a trough reaching a
depth of -16,000 feet in the northeast, and which trends in a north
easterly direction across the northern edge of thefield. At nearly
90 degrees to this trough, known as the Rome Trough, the Floyd County
Channel extends northward to, and perhaps into, the trough. The
channel is flanked on the east and west by slight uplifts. Figure 3
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shows a three-dinensional block diagram of these basement features
Figure 4 shows the sequential devel opment of structural features
The area of the Rome Trough shows continued activity up to the present
time, but with the najor devel opnent occuring in Canbrian tine.

Evi dence‘ for the nmjor devel opment of this trough is seen in
t he thickened sequence of Canbrian sedinents caused by growh of
the asymmetrical grabem at that tinme (Figure 5).

Structure and Stratigraphy

Present structure on top of the producing horizon, the Chio
Shal e, shows a north-south trending uplift which broadens to the
south, southeast (Figure 6). This structure, known as the Paint
Creek Uplift, appears to exert a major control on gas' accumnul ation
inthe field as will be shown |ater.

Chi 0 Shal e sediments thicken to the east (Figure 7) with a NS
strike to the nearly parallel isopachous I|ines

Cross sections drawn fromgamma-ray logs in the field indicate
a relatively constant thickness of sedinents in the southwest (Figure 8)
whi ch increases in thickness from300' to 900" across the field to the
northeast (Figure 9). Conplex intertonguing of silty zones with
organi ¢ zones is suggested by the gamma-ray |og signature. The
| ower Huron, the basal shale in the sequence, shows especially high
natural radioactivity. Figure 10 shows the relatively constant
t hi ckness at the northeastern end of the field, but thicker than the
section in the southwest.

Cross sections developed fromlithology studies on well cuttings
confirmthe conplex intertonguing of black, gray, green, and brown

silty shales. The highly organic black nud shale is thicker in the
center of the field;, the green and gray shales are nmobre domnant to
the east and northeast (Figure 11).

Bentonite zones bel ow the base of the Chio Shale and at the
base of the O eveland black shale at the top of the Chio Shal e sequence
are evidence of volcanic ashfalls imediately prior to thicker black
shal e deposition and increased basinal subsi dence in the eastern and
nort h-eastern parts of the field.

Studi es of relative percentages of the different shal e types suggest
the green clay shale source may be to the northeast (Figure 12). The
area of thickest black shale is |located off the nose of the Paint
Creek Uplift (Figure 13). The gray shale which commonly contains vitrinite
or woody fragnments is nost domnant in the southwest central portion
of the field, suggesting perhaps a northwestern source (Figure 14). The
brown, frequently very silty, nud-shale-is |owest to the east and nore
dom nant to the.northwest, west and southwest. ‘This silty organic
shale is also suggestive of a'western cratonic source

The present structure on the Pennsylvanian Fire day Coal (Figure 15)
i ndicates uplift occurring in the southeast and hinging al ong a NE-SW
trending synclinal axis known as the eastern Kentucky syncline (Figure 16).
The northern part of this syncline is part of the Rone Trough. ‘This
syncline is interrupted by the NNS trending Paint Creek Uplift, which
forms a saddle or barrier between what results in a northeastern basin

and sout hwestern basin. Tbe'tectonic nmovenments involved in the formation
of these features were probably instrumental in devel oping highly
fractured zones related to the nose of the Paint Creek Uplift, the
eastern Kentucky syncline, and the uplift to the southeast.

Thrust sheets in the southeast, i.e.,. Pine Muntain thrust sheet,
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and the southeastern uplift are related to plate collision interactions
along the continental plate margins, comrencing after Devonian
sedi ment ati on

The changes in depositional and present attitudes of the Fire
Clay coal relative to the black shales indicate uplift of the black
shales at the extrene NWand 'SE of the field area, but downwarp in -
the extrene NE and SW with the hingeline for uplift alongthe eastern
Kent ucky syncline and the saddl e for downwarp provi ded by the Paint
Creek Uplift (Figure 17).

The plot of fracture frequencies based on data from lithology
studi es and core data shows the highest concentration of fractures
along the central portion of the eastern Kentucky syncline and off
the nose of the Paint Creek Uplift (Figure 18).

Gas Cccurrence and Recovery

Pressure decline plots of the 200 pound isopressure contour
show t he contour moving away fromthe center of high production in
the period plotted: 1935-1951. This is evidence of an interconnected
gas reservoir in the field (Figure 19).

For a conparison of the gas isopotential (an indication of gas
occurrence and production) the final open flow data from 4750 wells
were analyzed. Well distribution is shown in Figure 20. )

A histogram of the open flow data shows a nearly asynptotic
curve with 0.06 MMcf per day as the economical cutoff for "dry" holes
(Figure 21). The tail of this histogram extends out to > 8.6 MMcf
per day but only includes 19 wells between 2.4 and 8.6 MMef per
day (Figure 22).

Contours of high producing wells per 25 square mniles, representing
a density value of wells producing at a given rate, show the greatest
concentration of higher producers centered in south-central Floyd
County with a NE trend (Figure 23). The western boundary of high
production is fairly straight, but irregular, linear projections
are apparent to the north, east and southeast.

Contouring of the open flow data results in a highly conpl ex
configuration (Figure 24), suggestive of a coal escence of nany
smal ler-fields,..

Trends of open flow configurations plotted from Fi gure 24 show
nmul tidirectional trends both in | ow open flow and in the high open
flow patterns (Figure 26), resulting in Figure 27. These trends
suggest higher fracture zones extending in bands radiating off the
nose ‘of the Paint Creek Uplift and sharply cut off along a line

parallel to the eastern Kentucky syncline.

A conparison of cross sections is shown in Figure 28. The
section through open flow data (#3) shows hi gher val ues over the
area of structural high on .the Paint Creek Uplift, even though the
dip of the strata is only 30-50 feet per mle. Black shale lithotype
i s-thickest over this central area of-high production, and greater
conplexity of intertonguing of gray, green, brown, and black shales
occurs in the central portion of the field.
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The geochenmistry cross sections which are not discussed in this
paper, also show abnormalities in the central area.

Summary
In conclusion, the Big Sandy Field, which is estimated to be

capabl e of producing 2 trillion cubic feet of gas from the present

5000 wells, represents a highly conplex structural-stratigraphic

gas trap. It may be considered a coal escence of many snaller fields,

but in general shows the high gas concentration and recovery from fractures
to be related to the interaction-of southeastern uplift hinged. along.

t he eastern Kentucky syncline and abutting against, and interrupted by --
the Paint Creek Uplift. Thicker organic black shales and conpl ex
intertonguing with silty zones providing a "fracture facies" are
undoubtedly inportant factors in gas recovery from the Upper Devonian

black shales in the largest gas field in the Appal achian Basin.
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SEQUENTIAL DEVELOPMENT OF STRUCTURAL
FEATURES RELATING TO

THE EASTERN KENTUCKY STUDY AREA
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Figure 4. Sequential structural development.
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STRUCTURE
TOP ot OHIO SHALE

Eastern Xentucky Gas Fisld{s)

stter Prove Y977
S.Megus do Wys Fabresry, 1879
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Figure 6. Structure on top ofthe Ohio Shale (after Provo, 1977).
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Isopachs of Total Ohio Shale

| sopachmap of total Chio Shale.

Figure 7.
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shale in the develand is shaded gray.
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Fiqure 9. Stratigraphic cross section B-B’, southwest to north-
east through the field center, showing log traces of
natural radioactivity from the formation density logs.
Intertonguing of the black and gray shales in the
Cleveland are usually related to the changes in natural
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CROSS SECTION K*-K
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GAS FIELD

J.NegusdeWys  May, 1978
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1000 -

Stratigraphic cross section K'-K, north to south through
the northern end of the field, showing traces of natural
radi oactivity fromthe gamma ray logs. The Protosalvinia
zone is where the brown algae 'occur npst commonly. It has
been reported at horizons in the Three Lick down through
the Lower Huron (Provo, 1977; Swager, 1978).
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Figure 12. Map shoving iso-value lines of percent green clay-shale
of total shale sequence,
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Figure 13. |sopach map of highly organic black nud-shale (in feet).
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Figure '14. Map showi ng iso-value |ines of percent gray clay- to nud-
shal e of total sequence.
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Fiqure 15. Map showing iso-value lines of percent organic “cown
silty nmud-shale of total shale sequence.
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Fiqure 16. Structure on top of the Fire Cay coal (after McFarlan,

1943). Note: Northeast-southwest trend of syncline inter-
rupted by the N°S trend of the Paint Creek Uplift; the
northeast basin is deeper than the southwest basin; this is
the area (NE) where the "Corniferous" |imestone isopach
suggests an early basin; and this northeastern area is sug-
gested by geochemistry to be an area of marine tidal
influence. Age of structural developnment is indicated in
par ent heses.
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Figure 17. Cartoon conparison of depositional and present attitudes
(. of Flre_Clay coal and black shales. No scale is intended.
: Upper diagram after McFarlan, 1943.
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are connected where not contra indicated.
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Figure 24. Hand-contoured map of open flow data with three contour
l evel s, using 4750wells. The highest value areas are
shaded to enhance the pattern of higher open flow
Grcled dots are locations of wells used in lithol ogy and
geochem stry studies.
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Fi gure 25.

Trends of high open flow data taken from Figure 24,
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EASTERN KENTUCXY GAS FIEAD
OPEN FLOW DATA
PATTERN OF ALL WELLS .5 MMct/doy
TEO whint

Figure 26. Pattern resulting from connecting.all wells with » .5
MMcf/day where not contra indicated. This should be
compared with Figure 20- in order to recognize the density
of data and constraints of such density imposed om this
pattern.
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Fi gure 27.

Pattern wof open flow basic fracture band trxends from
Figure 26.. Conpare with Figures 6 and 16,



196.

¢ = '
4 e = hnd - nd -
1 g' $ L 1. Si/Al ratio for shale
& B sequence. - .
- [t
\ ;‘\
SHM RATIO
. ’ uonranpsr
PERRY COUNTY. L, MARTINCOUNTY . Lo
2. aen g WOTIEOUNTY ot RTOORT w  wSES 2. Natural radioactivity
Nt .| with stratigraphic
—— units.

5
¢

;‘ -
R
N5 =T
” as .
=

B 3. Conparison of cross

section of hand contoured
(solid line) with conputer
Cont oured cross section
(dotted |ine).

4. Structural-stratigraphic
section.

5. Lithology cross section.

Som »

T cii 118111

|
i

ST % Wren aev Cupas st se

'Figure 28. Conparison of simlar cross sections.
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